Tuberous sclerosis complex has manifestations in many organ systems, including brain, heart, kidney, skin, and lung. The primary manifestations in the lung are lymphangioleiomyomatosis (LAM) and multifocal micronodular pneumocyte hyperplasia (MMPH). LAM affects almost exclusively women, and causes cystic lung destruction, pneumothorax, and chylous pleural effusions.
| INTRODUCTION
Tuberous sclerosis complex (TSC) is an autosomal dominant multisystemic disorder characterized by the formation of hamartomas and dysplastic lesions in various organs, such as skin, heart, kidneys, brain, and lungs (Henske, Jozwiak, Kingswood, Sampson, & Thiele, 2016) . In this article, we will provide an overview of the pulmonary manifestations that can be associated with TSC.
| LYMPHANGIOLEIOMYOMATOSIS

| Genetics
Tuberous sclerosis complex is caused by germline, loss-of-function mutations in the TSC1 gene on chromosome 9q34 or the TSC2 gene on chromosome 16p13 Henske et al., 2016; Jones et al., 1999) . Women with both TSC1 and TSC2 mutations can develop lymphangioleiomyomatosis (LAM). Rare cases of LAM have also been reported in men with TSC, including at least two cases of biopsy-proven LAM in men with germline TSC2 mutations and a male XY karyotype (Adriaensen, Schaefer-Prokop, Duyndam, Zonnenberg, & Prokop, 2011; Aubry et al., 2000; Henske et al., 1997; Kim, Chung, Park, Lee, & Han, 2003; Miyake et al., 2005; Ryu, Sykes, Lee, & Burger, 2012; Schiavina et al., 2007) .
Lymphangioleiomyomatosis is characterized histopathologically
by the diffuse, bilateral proliferation of smooth muscle like cells that express melanocyte lineage markers including gp100. Immunoreactivity with the HMB-45 antibody, which recognizes gp100, is the gold standard for the pathologic diagnosis of LAM (Figure 1 ). These so-called LAM cells exist within microscopic nodules that contain other cell types, including lymphatic vessels and lymphocytes. As with other tumor suppressor gene syndromes, inactivation of both alleles of TSC1 or TSC2 is believed to be required for the initiation of LAM. Inactivation of the remaining wild-type copy of TSC1/TSC2 has been found in micro-dissected LAM cells from women with TSCassociated LAM (which will be referred to as TSC-LAM). This inactivation is usually the loss of the chromosomal region that includes the remaining wild-type copy of TSC1 or TSC2 (J. Yu, Astrinidis, & Henske, 2001) , which is termed "loss of heterozygosity" as the germline mutant allele is now present in a homozygous form versus a heterozygous form when both the mutant and wild-type alleles are present.
In general, TSC2 mutations cause more severe clinical disease than TSC1 mutations; this is true in the brain and kidney and also true for LAM . However, it is important to emphasize that severe TSC manifestations can occur in TSC1 patients. There is considerable variability between patients in terms of the spectrum and severity of manifestations, even among members of the same family (carrying the same germline mutation). The reasons for this phenotypic variation are incompletely understood, but are believed to include the "chance" nature of the somatic second hit genetic events that initiate tumors of the brain, skin, and kidney and that initiate LAM pathogenesis. Germline inactivating mutations throughout the TSC2 gene are associated with LAM (Strizheva et al., 2001 ).
In addition to TSC-LAM, LAM occurs in women who do not have clinical evidence of TSC on physical exam or by imaging of the brain and kidneys; this is referred to as sporadic LAM. Women with sporadic LAM do not have germline TSC gene mutations and do not appear to have a risk of genetic transmission of TSC or LAM. A breakthrough in understanding the pathogenesis of sporadic LAM occurred in 2000, with the detection of inactivating TSC2 gene mutations in micro-dissected LAM cells from four sporadic LAM patients who also had angiomyolipomas (AMLs; . As expected, because these were cases of sporadic LAM, these mutations were not present in peripheral blood lymphocytes or in histologically normal lung. Subsequent work confirmed the presence of TSC2 mutations in cells cultured from the lungs of women with LAM obtained at the time of lung transplantation (Goncharova et al., 2002) and in micro-dissected LAM nodules (Badri et al., 2013) .
Interestingly, this most recent study found that the percentage of the TSC2 mutant allele within the LAM nodules is small, with nine different somatic mutations detected in eight sporadic LAM samples at frequencies ranging from 4 to 60%, but mostly under 20%. These results indicate that LAM nodules are heterogeneous, containing both TSC2 wild-type and TSC2 mutant cells, with the wild-type cells being significantly more numerous than the mutant cells. Currently, our knowledge about these other cell types, and their roles in LAM pathogenesis, is somewhat limited, although recent work is beginning to unravel the immune microenvironment of LAM (Liu et al., 2018; Osterburg et al., 2016) .
Angiomyolipomas are benign tumors that most often occur in kidney, although they can also be found in the liver and other organs. As their name suggests, AMLs are composed of abnormal vascular structures, smooth muscle cells, and fat. Genetic studies have shown that all three of these cellular elements carry somatic "second hit" genetic events (Karbowniczek, Yu, & Henske, 2003; Niida et al., 2001) , describing remarkable differentiation plasticity. The smooth muscle cells within AMLs are virtually identical to LAM cells, with both expressing smooth muscle and melanocyte lineage markers, as well as estrogen and progesterone receptor.
Angiomyolipomas occur in approximately one-third of women with the sporadic form of LAM, who do not have germline TSC gene mutations . These AMLs appear to be identical to the AMLs that occur in TSC. Remarkably, in the study of women with sporadic LAM discussed above, identical somatic mutations in the TSC2 gene were found in micro-dissected LAM cells and in AML tissue. These mutations were not present in normal tissue, including normal kidney tissue. This finding led to the "benign metastasis" hypothesis that LAM cells arise outside the lung, and transfer or metastasize to the lung (Henske, 2003) . Consistent with this hypothesis, analysis of two women in whom LAM recurred after lung transplantation has revealed that the same TSC2 mutation is present in LAM cells before and after transplantation (Karbowniczek, Astrinidis, et al., 2003) . In addition, LAM cells with loss of heterozygosity in the TSC2 gene region of chromosome 16p13 have been detected in the circulation of women with LAM, suggesting that LAM cells are migrating through the blood circulation (as well as presumably through the lymphatic circulation). The presence of circulating LAM cells is decreased after rapamycin/sirolimus therapy (Cai et al., 2014; Harari et al., 2016) .
The genetic basis of multifocal micronodular pneumocyte hyperplasia (MMPH) is less well understood than the genetics of LAM.
MMPH occurs in both men and women with TSC, at equal frequency and high prevalence, as will be discussed later. Whether or not "second hit" mutational events inactivating the remaining wild-type copy of TSC2 occur in the pneumocytes within MMPH lesions is not known.
| Pathogenesis
As discussed above, one theory for LAM pathogenesis postulates that LAM cells arise outside the lung. LAM has been thus described as a The cellular origin of LAM cells is the topic of a great deal of speculation, and very little data. It has been proposed, based in part on elegant mouse models and pathologic findings, that LAM cells may arise in the uterus (Prizant et al., 2013; Suzuki et al., 2016) . Other possibilities include embryonic stem cells, kidney epithelial cells, lymphatic endothelial cells, and neural crest cells .
Among many attempts to genetically engineered mice to develop LAM, the closest example so far is the inactivation of TSC2 in the mouse uterus (Prizant et al., 2013) . These uterine-specific Tsc2 knockout mice develop progressive uterine enlargement and myometrial overgrowth starting at 6-12 weeks, with leiomyomas forming by 24 weeks of age. Older Tsc2 uterine-specific knockout females develop Tsc2 null myometrial tumors in the lungs, suggesting that lung LAM-like myometrial lesions may indeed originate from the uterus.
Rapamycin or ovariectomy in these mice prevents myometrial overgrowth.
| Why does LAM occur almost exclusively in women?
Lymphangioleiomyomatosis cells express estrogen receptor alpha and progesterone receptor (Logginidou, Ao, Russo, & Henske, 2000) .
Potential hypotheses for the gender imbalance of LAM include the possibility that LAM cells, in most cases, arise from the uterus, and that the proliferation and metastasis of LAM is potentiated by female hormones, such as E2. Data supportive of these hypotheses include that in the uterine-specific Tsc2 knockout model, treatment of ovariectomized mice with estrogen restored abnormal uterine growth, and in subcutaneous models in which mice carrying Tsc2-deficient tumors are treated with E2, the incidence of pulmonary metastases is increased (J. J. Yu et al., 2009 ). The estrogen receptor antagonist Faslodex can decrease the E2-driven MMP2 upregulation and block lung metastases, thus enhancing survival of E2-treated mice bearing xenograft tumors of Tsc2-deficient cells (Li et al., 2013) . In vitro, treatment of Tsc2-deficient cells with E2 can activate MEK/ERK signaling networks (J. J. Yu et al., 2009; J. Yu, Astrinidis, Howard, & Henske, 2004) .
| How do LAM cells cause cystic lung destruction?
A leading hypothesis is that LAM cells make and secrete proteases or other enzymes that degrade the surrounding lung parenchyma. LAM cells characteristically express Cathepsin K by immunohistochemistry (Chilosi et al., 2009 ), leading to the hypothesis that Cathepsin K, a cysteine protease, could be involved in matrix destruction. Recently Cathepsin K expression in the LAM nodule was shown to be dependent on the interactions between LAM cells-and LAM-associated fibroblasts, with Tsc2-deficient cells playing a role in reducing the pH, a necessary condition for Cathepsin K protease activation (Dongre, Clements, Fisher, & Johnson, 2017) . Tsc2-deficient cells have also been found to express matrix metalloproteinases (MMPs) including MMP2 and MMP9 (Matsui et al., 2000; Moses, Harper, & Folkman, 2006) . In mouse models, treatment with estradiol increases MMP2 levels, and induces extracellular matrix remodeling with a reduction of type IV collagen deposition, both of which can be blocked by the estrogen antagonist Faslodex (Li et al., 2013) . These data led to the concept that treatment with Doxycycline, a MMP inhibitor, might stabilize lung function in LAM (Moses et al., 2006) . Unfortunately, a randomized, placebo-controlled, double-blind clinical trial failed to find benefit from Doxycycline in LAM patients (Chang et al., 2014) .
| Epidemiology
While the exact incidence and prevalence of LAM remain largely undefined, current estimates suggest a worldwide prevalence of 3.4-7.8 per million women (Harknett et al., 2011) . Extrapolating these numbers to the current world population would suggest a worldwide case burden ranging between approximately 13,000-30,000 women with LAM. These numbers are likely an underestimate of the actual disease prevalence as a large proportion of patients with LAM remain either undiagnosed or misdiagnosed. Although Caucasians and Asians tend to be over-represented in the LAM literature, this discrepancy in ethnic and racial diversity is likely based on divergent access to healthcare resources rather than a true racial predilection for Whites and 
| Clinical manifestations
The three major modes of presentation for patients with sporadic LAM include dyspnea on exertion, spontaneous pneumothorax, or incidental discovery due to imaging performed for other indications (Oprescu, McCormack, Byrnes, & Kinder, 2013) . The mean age at diagnosis of LAM is about 35 years (N. Gupta, Vassallo, et al., 2015) .
In contrast, most patients with TSC are diagnosed with LAM at an earlier stage due to active case screening. However, adulthood diagnosis of TSC is not uncommon, and LAM may be the presenting manifestation of underlying TSC (Taveira-DaSilva et al., 2015) . As such, it is important to perform a detailed history and physical examination to search for the presence of TSC in all patients with LAM (N. . Table 1 highlights the salient differences in the clinical manifestations of TSC and sporadic LAM.
Dyspnea on exertion is the most common symptom experienced by LAM patients. Other less frequent signs and symptoms of LAM commonly experienced by the patients include fatigue, chest pain, cough, and symptoms related to chylous congestion either manifesting as chyloptysis or chylous fluid collections in the thoracic or abdominal cavities . Exogenous estrogen use (Yano, 2002) and pregnancy (Yockey, Riepe, & Ryan, 1986) have been reported to accelerate the disease course in LAM, and disease diagnosis during or immediately following pregnancy is not uncommon (Cohen, Freyer, & Johnson, 2009; Urban et al., 1999) . In some patients, the diagnosis may come to light due to non-pulmonary reasons, most commonly related to spontaneous hemorrhage into renal AMLs presenting as severe flank pain, hypotension, and/or anemia.
Lymphangioleiomyomatosis patients are often misdiagnosed as asthma or chronic obstructive pulmonary disease, leading to a 3-to 5-year delay between symptom-onset and disease diagnosis (Urban et al., 1999) . Similarly, young females presenting with a spontaneous pneumothorax are often labeled as primary spontaneous pneumothorax and alternate etiologies are not searched until they have had a recurrent event (Almoosa et al., 2006) . A recent study has shown that performing a screening high-resolution computed tomography (HRCT) among patients presenting with an apparent primary spontaneous pneumothorax is cost-effective, and can help in alleviating the delay in diagnosis for at least a proportion of LAM patients (N. Gupta, Langenderfer, McCormack, Schauer, & Eckman, 2017) .
| Diagnosis
The mainstay of establishing the diagnosis of LAM relies on the detection of characteristic cystic abnormalities on HRCT of the chest. Characteristic LAM cysts on HRCT are thin-walled, round, uniform, and are present bilaterally in a diffuse distribution (Figure 1 ; N. Johnson et al., 2010) . Characteristic HRCT findings alone, however, are not enough to establish a confirmed diagnosis of LAM in patients with sporadic LAM (N. Gupta, Finlay, et al., 2017) . In patients with TSC, the presence 
| Screening and surveillance
The prevalence of LAM among females with TSC has been variably reported to range between 26 and 49% (Costello, Hartman, & Ryu, 2000; Cudzilo et al., 2013; Franz et al., 2001; Moss et al., 2001; Muzykewicz et al., 2009 ). The probability of developing LAM in females with TSC is age-dependent and increases by 8% every year (Cudzilo et al., 2013) . In the study by Cudzilo and collaborators, the prevalence of LAM was 27% in females with TSC aged less than 21 years, and progressively increased to a prevalence of 81% in females older than 40 years of age (Cudzilo et al., 2013) .
Due to the high prevalence of LAM in females with TSC, it is recommended to obtain a screening HRCT in adult females with TSC at the age of 18 years (Table 2) (Johnson et al., 2010; Krueger, Northrup, & International Tuberous Sclerosis Complex Consensus, 2013) . The frequency and timing of repeat CT scans after the first scan at 18 years is less well established. The European Respiratory Society (ERS) guidelines suggest performing a repeat HRCT at the age of 30 years, if the initial screening CT at 18 years was negative (Johnson et al., 2010) . The International TSC Consensus Group recommends a repeat HRCT 5-10 years after the screening CT, in the event that the initial screening CT was negative . His- 
| Natural history and prognosis
The natural history of LAM is characterized by progressive decline in lung function, and if left untreated, ultimately leads to severe respiratory insufficiency and death (Johnson & Tattersfield, 2000; Johnson, Whale, Hubbard, Lewis, & Tattersfield, 2004) . The rate of decline of forced expiratory volume in 1 s (FEV 1 ) in LAM has been reported to vary between 47 and 134 ml per year (Chang et al., 2014; Hayashida et al., 2016; McCormack et al., 2011; Taveira-DaSilva, Stylianou, Hedin, Hathaway, & Moss, 2004) , and is influenced by several factors including baseline disease severity (Hayashida et al., 2016) , menopausal status (Johnson & Tattersfield, 1999; Taveira-DaSilva et al., 2004) , serum VEGF-D levels Further confirmation of this assertion is derived from a recently published analysis of the National Heart, Lung, and Blood Institute (NHLBI) intramural cohort where the rate of decline of FEV 1 was similar in patients with TSC-LAM and sporadic LAM after matching for baseline disease severity (Taveira-DaSilva et al., 2015) .
Survival estimates in LAM are limited, with the most recent studies suggesting a 10-year survival ranging between 76 and 86% (Hayashida et al., 2007; Oprescu et al., 2013; Urban et al., 1999) , and a median transplant-free survival of 23 years following diagnosis (Oprescu et al., 2013) . Various factors have been reported to influence the mortality in patients with LAM; notable being reduced FEV 1 /FVC ratio (Kitaichi, Nishimura, Itoh, & Izumi, 1995) , worse histology score ), initial presentation with dyspnea (Hayashida et al., 2007) , and the need for supplemental oxygen (Oprescu et al., 2013) .
Lymphangioleiomyomatosis is a significant cause of morbidity and mortality among patients with TSC. In a single-center experience with approximately 400 TSC patients, the investigators found that renal involvement was the most common cause of death in patients with TSC, and LAM was a common cause of mortality among adult patients older than 40 years of age. The presence of LAM affected overall mortality; of the patients who had LAM, 40% (4 out of 10 patients) died, a higher proportion than any other organ involvement from TSC (Shepherd, Gomez, Lie, & Crowson, 1991) . Another recent singlecenter experience from the United Kingdom reported similar findings where renal involvement from TSC was the most common cause of death, and LAM accounted for 12.5% (2 out of 16) of all TSC-related deaths in this cohort (Amin et al., 2017) . In another study, 12.5% Reassure regarding safety of air travel, counsel to avoid scuba diving (Goldberg et al., 2015) . Although randomized studies of everolimus have not been conducted for patients with LAM, it is reasonable to assume that both drugs will have similar beneficial treatment effects.
| Disease monitoring
Serial measurement of lung function is the cornerstone to monitor disease progression as well as to assess treatment response (Table 2) .
Some patients with TSC are unable to perform PFTs due to cognitive difficulties. Currently no reliable biomarkers exist that allow regular monitoring of these patients. Serum VEGF-D levels decrease after treatment with sirolimus and have shown promise as a prognostic and predictive biomarker in LAM . Serial monitoring of serum VEGF-D levels may be an alternative method for longitudinal assessment of disease progression and treatment response in patients who cannot perform PFTs. Other potential biomarkers for this purpose include radiological assessment of disease extent using chest CT scans (Yao et al., 2014 ). Further refinement of these biomarkers, and the development of other novel prognostic and predictive biomarkers are critical to effectively monitor LAM patients (Nijmeh, El-Chemaly, & Henske, 2018) .
In addition to monitoring for treatment efficacy, LAM patients on mTOR inhibitors need close monitoring for treatment related adverse effects (AEs) ( Table 2) . AEs related to mTOR inhibitor use are frequently seen in LAM patients (McCormack et al., 2011) , although most AEs tend to be mild, and do not require drug interruption or stoppage.
The most common AEs related to use of sirolimus in LAM include stomatitis, acne, hyperlipidemia, nausea, diarrhea, and lower extremity edema (McCormack et al., 2011) . Rare but serious AEs related to sirolimus include the development of pneumonitis, infections, and cardiac complications, such as pericarditis and atrial arrhythmias (Singla et al., 2017) . AEs secondary to sirolimus are most frequent in the first few months following drug initiation, and tend to stabilize over time (Takada et al., 2016) . Detailed description of AEs secondary to mTOR inhibitor use, and practical tips with regards to the use of sirolimus and management of AEs have recently been published (Singla et al., 2017) .
Another question with regards to the use of mTOR inhibitors in LAM relates to the optimal dosing of these drugs. The starting dose of sirolimus in the MILES trial was 2 mg daily, and the dose was titrated to maintain a blood trough level between 5 and 15 ng/ml in accordance with the existing renal transplant literature (McCormack et al., 2011) . A subsequent retrospective analysis from Japan has suggested that treatment with low dose sirolimus (median dose 1 mg daily, average blood trough sirolimus level 2.2 ng/ml) may be equally effective in treatment of LAM in this population (Ando et al., 2013) . The use of low dose sirolimus for treatment of LAM needs further validation, and is the subject of investigation in an ongoing randomized, double-blind, placebo-controlled study of women with early-stage LAM (FEV 1 >70% predicted), named the Multicenter Interventional LAM Early Disease (MILED) trial (NCT03150914).
| Air travel recommendations
Patients with LAM may be at an increased risk of development of spontaneous pneumothorax due to the increase in cyst size that can occur when exposed to the hypobaric environment of an airplane. The risk of development of spontaneous pneumothorax associated with air travel in LAM has been estimated to be 1-2% per 100 flights 
| Vaccinations
Patients with LAM should be encouraged to get vaccinated against influenza (annually) and pneumococcal infections (once with the pneumococcal conjugate vaccine, and every 5 years with the pneumococcal polysaccharide vaccine). In general, patients with LAM who are taking mTOR inhibitors should be educated to avoid taking live vaccinations such as Varicella zoster vaccines (Singla et al., 2017) .
| SPONTANEOUS PNEUMOTHORAX
Patients with LAM are at a very high risk of experiencing cyst rupture, resulting in the development of spontaneous pneumothorax (Figure 2 ;
Cooley, Lee, & Gupta, 2017). The average age at the time of development of spontaneous pneumothorax in LAM is around 35 years (Almoosa et al., 2006) . More than 50% of LAM patients experience at least one spontaneous pneumothorax in their lifetime, with a recurrence rate of approximately 70% (Almoosa et al., 2006; N. Gupta, Finlay, et al., 2017) . Most patients with a sentinel spontaneous pneumothorax experience multiple recurrences with an average of 3.2-5 pneumothorax episodes per patient (N. Gupta, Finlay, et al., 2017) .
Due to the high prevalence of spontaneous pneumothoraces in LAM, all LAM patients should be educated about the signs and symptoms of a pneumothorax, and counseled to seek immediate medical attention in the event of symptoms characteristic of a spontaneous pneumothorax (Table 2 ) (Cooley et al., 2017) . Given the high recurrence rate, patients with LAM should be offered pleurodesis following the first episode of spontaneous pneumothorax rather than waiting for a recurrent event. Video-Assisted Thoracoscopic Surgery (VATS)-guided mechanical abrasion is the preferred modality for pleurodesis in this population, with more aggressive measures, such as talc pleurodesis reserved for refractory or recurrent pneumothoraces (N. Gupta, Finlay, et al., 2017) . It is important to note that prior pleurodesis, whether mechanical or talc pleurodesis, is not a contraindication for future lung transplantation (N. Gupta, Finlay, et al., 2017; Weill et al., 2015) , and should be offered to all LAM patients with a spontaneous pneumothorax.
| LYMPHATIC MANIFESTATIONS
The pulmonary lymphatic manifestations of LAM are mainly related to obstruction of the thoracic duct by the LAM cell clusters and subsequent collection of chylous fluid in the pleural cavities (chylothorax; (Ando et al., 2013; Hecimovic et al., 2015; Taveira-DaSilva, Hathaway, Stylianou, & Moss, 2011) , and sirolimus is now recommended as the treatment of choice for problematic chylous effusions prior to invasive treatment options . In severe cases that do not respond to treatment with mTOR inhibition, further management options include pleurodesis, thoracic duct embolization, and thoracic duct ligation. In these situations, an attempt to study the underlying lymphatic anatomy using dynamic contrast enhanced magnetic resonance lymphangiogram or intranodal lymphangiogram can be helpful in identifying the source of the chyle leak and direct further interventions, such as thoracic duct embolization or ligation (Itkin & McCormack, 2016) .
| MULTIFOCAL MICRONODULAR PNEUMOCYTE HYPERPLASIA
Multifocal micronodular pneumocyte hyperplasia (MMPH), first described in 1991 (Popper, Juettner-Smolle, & Pongratz, 1991) , refers to benign hamartomatous, nodular proliferation of type II pneumocytes (Muir et al., 1998 ; Figure 3 ). Radiologically, MMPH appears as discrete solid and ground glass nodules, typically ranging between 2 and 14 mm in size, with no particular geographic predilection (Muzykewicz et al., 2012) (Figure 3) . Although reported in patients with sporadic LAM (Muir et al., 1998) , MMPH is commonly seen in patients with TSC , and has been suggested to represent an independent feature of TSC . In contrast to the preferential female involvement of LAM, MMPH can be seen in both men and women with TSC Muir et al., 1998) .
The prevalence of MMPH has been estimated to be around 40-60%
in patients with TSC Muzykewicz et al., 2012; Tanaka, Hirata, Wataya-Kaneda, Yoshida, & Katayama, 2016) . However, it is difficult to ascertain the exact prevalence of MMPH in TSC, as the differential diagnosis of nodules is broad, and most TSC patients with nodules are given a presumptive diagnosis of MMPH without undergoing histopathological confirmation. The presence of MMPH has unknown physiological or prognostic consequences, with available literature suggesting an overall stable disease course (Konno et al., 2018) .
| OTHER PULMONARY MANIFESTATIONS OF TSC
There are other pulmonary manifestations that are not mechanistically linked to TSC but can be seen in this population either due to the common nature of these disorders such as asthma, or indirect consequences of TSC such as risk of aspiration events due to TSC-related seizures or cognitive alterations. Finally, in the era of mTOR inhibitor therapy for TSC and LAM, clinicians need to be cognizant about the possibility of mTOR inhibitor-induced pneumonitis. No cases of druginduced pneumonitis were reported in the MILES trial (McCormack et al., 2011) , but three cases of sirolimus-induced pneumonitis were seen in a Japanese study (Takada et al., 2016) . The presentation of mTOR inhibitor-induced pneumonitis is very nonspecific; patients present with fever, cough, dyspnea, and nonspecific infiltrates on chest imaging. Other etiologies, especially infectious etiologies need to be ruled out prior to establishing a diagnosis of mTOR inhibitor-induced pneumonitis, and bronchoscopy may be a useful diagnostic modality in these cases (Champion et al., 2006) . It is conceivable that lower doses of mTOR inhibitors typically used for the treatment of LAM carry a lower risk of inducing pneumonitis than seen in the transplant recipients. However, the relationship between sirolimus dose/trough level and the development of pneumonitis is not well established and needs to be further investigated in large-scale registries and observational trials.
| CONCLUSIONS
Lymphangioleiomyomatosis represents the major form of pulmonary involvement in patients with TSC, and accounts for a significant 
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